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Abstract

A constiml Q spectromeler which Las been Installed on the pulsed source of
the Los Alamos Neutron Scattering Center, is described. It features a
numher of Immovations that ease sample and analyser alipgoment and a novel
composlte crystal analyser which exploita the mosaic propertles of
plasticnlly deformed germanfum in o new way.  Ob:ervations of phonon
dispersion {n aluminlium and of incoherent scattering In 7.r|l2 are reported,

nlong with backpround measurements,
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1. Introduction
In this paper, we report the construction and Initial operation of an

(1]

Improved constant--Q spectrometer Installed at the Los Alamos

Nentron Scaltering Cuntcr!z] 1L I8 shown schematically in Flgure 1 and its
parameters are listed in Table 1. It is quite similar to the Harwell
muchlnn!3'4| but features n number of significant improvements. ‘Those
rejlating to ease of operation of the Instrument arve listed in Section 2.

In addiLion, we have proposed and tested n new analyser geometry, which is
described in Section 3. In Section 4, we describ~ measurements on phonons
in aluminium and we discuss datn reduction. Finally, in Section 5, we
outline our plans for future i{mprovements and make some comments on pulsed
source inelastic Instruments in general.  We have chosen to emphasise new
features or ldeas In n fairly concise form and the reader interested in

more detall 1s referred to Reference 1.
2. Improvements

(n) Line ap detector

We have chosen o longer sample -1ine ap detector f1ight path,  This
meansg that the RBeape peaks used tn sample or annlyvser rocking curves are
het ter separated.  To booat count rate while seavching for the peak in the
first pince, we have used n bank of three detectors subtending approxi
mately 2%, In additlon, vertlenl and horizontal loII conted siretched film

5]

| .
Soller colllmntors (of 10" dlvergence) can be plaged in Lhls (Hight pauth

for fine adjusatment of aample or analyser orlentat jon,

(b) Variable sample fmage polonl gseparat lon

The gpectrometor was constructed In such a way that the samplie imoape
polnt separatfon can be varied between 20 and 40 em. This entalls moving
the whole detector shielding nsaembly, which 19 mounted on ratls, onnd
moving the annlyser crystal correspondingly.  To this end, the amanlyser Is

suspended from a teanslatfon atape,

() Analyacr mounting
The annlyser crystal s mounted on o amall two axis motorfaed

gonfometer, which 1a {n turn sunpended from o twe ddmensfonn] transiat fon
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stage. The tdea of this arrangement is that the analyser can be translated
reproducibly to the sample position (see A' in Filgure 1) and that a rocking
curve can be performed on the annlyser, the scattered ncutrons being
detected in the same line-up counter as used for the sample. The analyser
is then rotnted (by 45°) and translated back to its normal position and
orientatlon. We hnve experienced no difficulties nligning either samples

or annlyser crystals in this manner.

(d) Cadmium absorber after the sample

A moJor source of background Is due Lo neutrons which pass dirvectly
through the sample, but which are then scattered, by air at the imape
point, directly into the main detecltor baik. To elimlnate thls source, we
have placed a cadmium absorber In the beam midway belween the sample and
Iimape polnts. Thiasa has the effect of redvcing the subcadmlum neutron
background to better than 0.1 counts per minute. A typlcal background run
1s shown in Figure 2. We have also tried adding 3.5 mm of erblum, which

has low energy nuclear resonnnces at 460 and 584 mev, and thils has the
effect of moving the cut off In Flgure 2 to even shorler times. Oune could
also conslder using samarium and indium, which also have low-enerpgy nuclear

resonances, Lo push the threshold to yel shorter times.

() Other shieclding arvanpgement s

The shielding in the vicinlty of the sample nand analyser has been kept
simple and flexible In order that the analyser can be moved and so that I.2
can be chanped. When Lz Ia nt fte minimum value, we have found U neces
sary to place vertjenl coltlimation between the sample and the annlyser Lo
elimtnate contamination by out of plane ananlyser Bragp reflections,  We
have nlao placed 0.5 m long horon aluminium composlite sheets between the
detectors ns shown In Fipure 1, Theso reduce the solid angle viewed hy
each detector and thereby reduce Cthe background.  An aluminium box, 1lled
with "4“' win placed bhehind the detector bank.  n other respects, the

gpectromeler shlelding wan conventionnl,

3. The Aunlyaer

Although we Inttially used o samall germanlum ananlyser (na described In

4]

Table 1) tn the dine prometry proposed by Hlndﬂnr! wo hnve proposed and



~ 4 -

tested an alternative, the "organ-pipe" geomelry. It consists of a set of
cylindrical crystals of identical crystallographic orientation, as shown in
Figure 3. Any reflection in the |[hhk] zone can be accessed by rotating nall

of the elements in unison. It has the following advantages:

(n) 1t maintains the flexibility of the dlsc (1.e., one can change reflec-

tion)

(b) 10 is far easler to manke a large annlyser in this geometry - less
materinl 1s required and the cost is lower., Thils has the consequence
that Lz can be incrensed to provide room for sample environment equip-

ment and collimators.,

(c) The mosale spread and thickness can be chosen to voary fn the optimum

manner along the length of the mnalyser (1.e., as a function of ¢).

(d) The anlsotropic mosalc properties of plastically deformed sermanjum
(or copper) con be explofted to glve n large mosaic spread within the
scattering plane (horizontal) and a small vertical mosale spread for
all reflections in the {hhk|] zone. Thls is not posslble In the disc

peometry,

4. Resulty

As o demonstration experiment, we have chosen Lo weasure several zone
bhoundary phonons in aluminium. We have exploited the fact that its Iattice
parameler 8 almost (to within 2.5%) exactly double the size of the (220)
d spacing of permaniam.  This means that one can scan along the zone bhound
ary directlon «<lig, i.0> as shiown in the inset to Fliguve 4b.  The results
are shown as an Intensity map in Flpure 40,  There I8 clearly an intense,
almost dlaperslonless phenon at approximately 25 meV, with a weaker disper
slve mode at hipher enerpgies.  Poeak poslitions obtained from this map ave

(71

compnred to the known dispersfon curves in Flgure 4b and the apreement

Is pood, A number of constant Q scans ¢an he constragted from these data
nnd we show three in Flpuee 4. Resolation widths ealeulnted within the

1)

]
. R
framework reported previoualy' ™' are alxao shown. o order to produce the

fntenstty map shown In Figure 3a, the following steps must bhe fol lowed:
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(a) Perform rebinning from (¢,t) to (Q.,.E) coordinates, where t 1s the

observed time-of-flight, Q. is the component of the momentum transfer

|
paralle]l to the incldent wave vector, and E is the encrgy transferred
to the sample. This process should also include (implicitly or

explicitly) multiplication by the appropriate Jacobian,

(b) Correct for the incident spectrum (which is measured using a low
efflciency beam monitor), the detector efficiency and the annlyser

efficlency (Lhe product of which can be measured in a vanadium scan).

(c) Correct for the varlation of resolulion volume across the dala set,
This 1s the equivalent of the k;cutoA factor familiar in triple-axis
spectroscopy.

5. Future Improvements

{n) More detectors

We are currently increaslng the number of detectors to 64, 1L s
clear from Fipure 4n that the present number Is Insufficlent, in the sense
thnt one does not "get down to background” on both sldes of the 25 mev

phonon.

(h) Copper Analyser

Wee do not belleve that second order contaminal.on Is a problem In most

(1]

and one therefore does not neel to use diamond structure

ol

experiments,
materinl Jike permanium.  We estimnte that galns of approximately 70% in
reflectivity can be achleved at 50 mev If copper ls used.  The poaln will be
yel greator for higher lonctdent enevgles.  Furthermore, copper bebhaves inoa

more bdeal mabner during the plastic deformatton process.

(¢) Sample analyser collimalion

[t would be advantageous to be able to vary the secomdary spectrometer

110}

regolution uning a fan type collimator between the sample nnd analyser,

Dackegromds nre also Hkely to be ereduced onece such o device s employed.,
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(d) Support the annlyser cryscal from below

The present arrangement 1s to mount the analyser crystanl [rom above
from a transintion stage and to align it using the same line-up counter as
for the sample. While this aystem poses no problems for small analysers,
1t 19 more difficult for large analyser assemblies. In addition, the
supports for the translatlon stage get In the way of shielding nnd sample
envivonment equipment for the sample. Given that we have shown that one
can fabricnte a large analyser crystal and thereby increase Lz substan-
tially, 1L may be worthwhlle to support such an annlyser from below, by
menns of a conventional gonlometer. As It would no longer be possible to
translate this to the sample position, n second line-up counter dedicated
to the annlyser would be necessary.  OF course, 1t will still be necessary

to transliate 1t into the maln beam for alignment purposes.

(¢) FLvacuate the Imapge point
It wlll clearly be advantageous to evacuate the fmage poinl, or nt

teast C111 1t with an argon atmosphere.

(r) Improve the moderaior

As sugpested al the Shelter Island w«n'kshnpl.lll this type of
speclrometer could well benef it from a tall thin (vertically defocussed)
moderator ol one In which the moderator pulse width could be changed by

means of a varlable poison depth,
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TADLE 1

Moderator-sample distance L1 6.990 m
Sample-imnge distance L2 0.199-0.402 m
Imape-detector distance Lq 1.447T m
Sample-alipgnment counter distance [.4 1.050 m
Angular (@) range of detectors 10°-70°
allowed by shielding
Spacing bewween detectors 0.59°
Moderator materlal wnter at room temperature
thickness 2.3 ¢cm
poisonling none
areca (viewed by sample) ~10 cm x 10 cm
Beam size nt sample 2.5 cm wilde x 5 ¢m high
Detectors 25x 1.25 cm diameter, 10 ¢m nct lve
length 3"9 proportional counters,
mounted vertically
Anlysers Ix 5 cm diometer, 1 cm thick Ge
disc
and Ix 22cm long 6 cm high "orpgan-
pipe" Ge annlyser
Line up detectop 3 detectors ldentical to main

detector

Inclident beam mond tor 1Ix low efficiency "FW monlftor
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FIGURFE CAPTIONS

The schematic layout of a constant-Q spectrometer, showing (a)
the symbolic conventions adopted in thls work and (b) the
physicnal details of the Los Alamecs machine. A' = analyser

translated to sample position for alignment purposes.

Time-of ~-f1ight spectra: (a) A background run. The spectrometer
wns set up with the "organ-pipe"” analyser on the (331) reflec-
tion with no sample. ¢ = 24.5°. An energy scale, corresponding
to elastic scattering at the image point is provided. (b) A
Zl-ll2 spectrum In the same counter ans (a), with a Ge(331)
analyser. An energy transfer scale is also provided. The
elnstic line Is visible at 2500 us and the first and second
harmonics of the 1140 meVv excltation at 1700 and 1350 us
respectively. In both cases the data have been binned into 32

us time channels.

Pogssible flexible annlyser geometries: (a) the dlscl4| and (b)
the "organ plpe” described In detail In Reference 1.
Alaminium phonon digpersion wmercsured along <lag, 1,05 (a) our

results presented as an intensity map and (b) dispersion curves

for the same plece of (Q, ,6F) space.  The solid lipe represents

the data of Stedman and Nillson and the polntys show our
results when binned Into constant - Q scans.  The vertical bars
represent. the widths of the respective censtant-Q peaks.  The
measurements were made within the [001] zone, between (110) and

(210) and this reglon of reciprocal spance {s shown In the Inset.

Constant ¢ scons for (n) Q - (1.25, 1,0), (b) Q - ¢1.64, 1,0)

and (¢) Q + (1.72,-1,0) for aluminium at room temperature.  Fach
scen was obtalned by binning over O.Izh" (0.078 reclprocal

Inttice units) in Q The horlzontal barg show the FWIM resolu

Cion width, calculated within the formalism of Appendix A, The

tall of the lower mode 1s clearly vigible in (b), but there were



- 9 -

not sulficient detectors at higher angles to cover this plece of

(Q

.E) space.
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